Objective -To determine, for abdominal aortic aneurysm surgery, whether a previously reported relationship between hospital case volume and mortality rate was observed in Ontario hospitals and to assess the potential impact ofage on the mortality rate for elective surgery. Design -Population based observational study using administrative data. confidence intervals 0-88, 0.99) and 0-29 days reduction (95% CI -0-22, -0-35) in postoperative in-hospital stay. Female sex (OR 1-53, 95% CI 1-08, 2-18) and transfer from another acute care hospital (OR 4-37, 95% CI 2-62, 7-29) were associated with increased case fatality rates among patients in the unruptured category. For ruptured cases, neither the case fatality rate nor postoperative in-hospital stay were significantly related to hospital volume. The case fatality rates increased linearly and substantially with advancing age both for unruptured and ruptured aneurysms, and the excess risk of postoperative death in ruptured as compared to unruptured aneurysms was substantially higher in older patients. Conclusion -The relationship between hospital volume and mortality or morbidity was very modest and observed only for elective surgery. Case fatality rates in patients with ruptured abdominal aortic aneurysms remained 10 times higher than for patients with unruptured abdominal aortic aneurysms, despite improvements in overall mortality in comparison to previously published data. More effective detection of aneurysms, including elective repair for those once considered "high risk" older patients, might further reduce the toll from ruptured aortic aneurysms.
viously reported relationship between hospital case volume and mortality rate was observed in Ontario hospitals and to assess the potential impact ofage on the mortality rate for elective surgery. Design -Population based observational study using administrative data. Setting -All Ontario hospitals where repair of abdominal aortic aneurysm as a primary procedure was performed during 1988-92. Patients -These comprised 5492 patients with unruptured abdominal aortic aneurysms and 1203 patients with ruptured abdominal aortic aneurysms admitted to hospital between 1988-92 for repair of abdominal aortic aneurysm as a primary procedure. Main outcomes -In-hospital death and length of in-hospital stay. Results -The case fatality rate was 3-8% for unruptured abdominal aortic aneurysms and 40-0% for ruptured abdominal aortic aneurysms. For unruptured cases, after adjustment for patient and hospital covariates, each 10 case per year increase in hospital volume was related to a 6% reduction in relative odds of death (odds ratio (OR) 0-94, 95% confidence intervals 0-88, 0.99) and 0-29 days reduction (95% CI -0-22, -0-35) in postoperative in-hospital stay. Female sex (OR 1-53, 95% CI 1-08, 2-18) and transfer from another acute care hospital (OR 4-37, 95% CI 2-62, were associated with increased case fatality rates among patients in the unruptured category. For ruptured cases, neither the case fatality rate nor postoperative in-hospital stay were significantly related to hospital volume. The case fatality rates increased linearly and substantially with advancing age both for unruptured and ruptured aneurysms, and the excess risk of postoperative death in ruptured as compared to unruptured aneurysms was substantially higher in older patients. Conclusion -The relationship between hospital volume and mortality or morbidity was very modest and observed only for elective surgery. Case fatality rates in patients with ruptured abdominal aortic aneurysms remained 10 times higher than for patients with unruptured abdominal aortic aneurysms, despite improvements in overall mortality in comparison to previously published data. More effective detection of aneurysms, including elective repair for those once considered "high risk" older patients, might further reduce the toll from ruptured aortic aneurysms.
(J Epidemiol Community Health 1996;50:207-213)
Abdominal aortic aneurysm results in about 1000 deaths each year among Canadian men 65 years or older' and Health Canada has identified this disorder as a priority public health issue.2 Surgical repair of the dilated aorta remains the cornerstone of management but surgery carries definite risks. Published series from population based studies report the short term postoperative case fatality rate (CFR) at 4 7% to 8&2% for unruptured aneurysms. On the other hand, the CFR ranges from 43 6% to 60-2% for ruptured aneurysms.3-7 The skills of the surgical team are considered important determinants of postoperative mortality and morbidity. Several studies have found that high volume hospitals typically had lower postoperative mortality than low volume hospitals, presumably because the higher volume either leads to or reflects improved patient care. 6-8 12-14 The relationship between hospital volume and length of in-hospital stay (LHS) for patients who have survived the surgery has not been examined. Demonstrating volume-mortality and/or morbidity relationships has important policy implications: if an inverse relationship between hospital volume and postoperative mortality and/or morbidity is persistently observed, a strong argument might be made for restricting these operations to regional referral centres with specialised surgical teams.
Since the risk of postoperative death in ruptured aneurysms substantially exceeds the risk of death in elective surgery for intact aneurysms, some risks in undertaking elective surgery for aneurysms are acceptable to prevent eventual complications and death from rupture.15-22 However, indications for this preventive procedure remain controversial.1621 It seems logical that elective procedures would pose more risks to older patients than younger ones,2-25 but two recent hospital based studies2425 did not find an increased risk of death with advancing age in unruptured aortic abdominal aneurysms. Although the authors2425 accordingly suggested that elective surgery should not be withheld from older patients, the sample sizes in these studies were small and they analysed only patients with unruptured aneurysms. Since the elective operation trades off the small immediate risk of surgery against the very high risk of death from ruptured aneurysm, a parallel analysis of age specific case fatality rate (CFR) for ruptured and unruptured aneurysms is needed. Dramatically lower death rates for unruptured compared with ruptured aortic abdominal aneurysms in older patients can be taken as affirming the potential preventive value of elective surgery among the elderly (except, of course, where life expectancy is seriously foreshortened for other reasons).
We accordingly analysed hospital discharge abstracts from Ontario (average population 9-7 million) for the fiscal years 1988-92 to examine the relationship between hospital volume and short term treatment outcomes, and the relationship between patient's age and postoperative mortality in patients undergoing repair of abdominal aortic aneurysm as a primary procedure. abdominal (ICD-9 code 4440) or thoracic aorta (ICD-9 code 4441); congenital anomalies of aorta (ICD-9 code 7472) including coarctation (ICD-9 code 7471); or injury to abdominal aorta (ICD-9 code 9420).
Methods
The patient's age, sex, occurrence of inhospital death, main secondary diagnoses (coexisting diseases), whether transferred from another hospital, and LHS were abstracted from the database as needed. Analysis on LHS was restricted to non-fatal cases. We calculated the postoperative LHS by the difference between date of surgery and date of discharge. The postoperative LHS thus calculated was further validated by comparing its value with preoperative LHS and the entire LHS. If the sum of postoperative LHS and preoperative LHS was not equal to the entire LHS, the postoperative LHS was assigned as missing. One unruptured case and none of the ruptured cases was assigned a missing value on postoperative LHS by this rule. All postoperative LHSs that exceeded the 95th centile (27 days for unruptured and 51 days for ruptured aneurysms, respectively) were assigned the value of the 95th centile to limit the influence of a few patients with excessively long LHS. To mitigate the confounding effects on outcomes of diseases other than abdominal aortic aneurysms, a comorbidity index for each patient was calculated using a validated ICD-9-CM-based adaptation28 of a clinical system described by Charlson et Stepwise multiple logistic regression analysis was used to examine the volume-mortality relationship, and stepwise multiple linear regression was used to examine the volume-postoperative LHS relationship at the individual patient level. Potential confounding factors included in the models were bed size and teaching status of the admitting hospital, patient's sex and age, comorbidity index, and whether the patient had been transferred from another hospital. As the primary factor of interest, hospital volume was kept in the model regardless of significance; other factors were excluded at a threshold significance level of 0-10. Hospital volume, bed size, and teaching status were assigned to each patient according to the hospital to which he or she was admitted. Avoidable deaths for unruptured cases in low volume hospitals (using the 75th centile, or 40 cases per year as the cut off point) were also estimated by applying the ORs obtained from the multiple logistic regression model.
To frame the age specific CFR analysis, ruptured and unruptured abdominal aortic aneurysms were compared after dividing the patients into six groups according to their calendar age (<60, 60-64, 65-69, 70-74, 75-79, and .80 years, respectively). Again, cut off points reflected a balance between creation of gradients to examine age effects, while maintaining statistical stability. Sensitivity analyses evaluating the impact of moving cut points up or down one year showed no change in results or conclusions. To examine whether there was any age dependent differential excessive risk of postoperative deaths in ruptured aneurysms, age specific rate differences (CFR in ruptured aneurysms -CFR in unruptured aneurysms) and their 95% confidence intervals were estimated using the method described by Fleiss.32 Differences in numbers of deaths (number of deaths in ruptured aneurysms -number of deaths in unruptured aneurysms) were also calculated to describe the actual age specific differences in attributable deaths for the two types of aneurysms in the province of Ontario.
Ideally, all deaths occurring in aneurysm patients should be tallied in assessing the preventive value of elective surgery. However, in an analysis based on administrative data, we are unable to obtain information on deaths in aneurysm patients that occurred before surgery or after discharge from hospital. This limitation will be discussed later.
Several sensitivity analyses were performed. First, regression analyses were repeated after excluding patients admitted to extremely low volume hospitals (fewer than 10 cases for unruptured aneurysms, or fewer than five cases for ruptured aneurysms, respectively, for the entire five year period). Secondly, the analyses were repeated by including cases with a diagnosis of aneurysm ofunspecified site, ruptured (ICD-9 code 4415) in the ruptured aneurysm category, and by including cases with a diagnosis of aortic aneurysm of unspecified site, without mention of rupture (ICD-9 code 4419) or arterial embolism and thrombosis of abdominal aorta (ICD-9 code 4440) in the unruptured category. Finally, to assess the impact of delayed discharge for administrative reasons on the results, the analyses for postoperative LHS were repeated by excluding those patients transferred to another acute or chronic care center.
Results

OVERALL PROFILE
During the five years, there were 5837 operations on patients with unruptured abdominal aortic aneurysms and 1288 operations for ruptured aneurysms in Ontario hospitals. Altogether 321 unruputured cases and 32 ruptured cases were excluded either because they were out-of-province residents, or their demographic data were missing. Twenty four unruptured cases and 53 ruptured cases were further excluded because of the co-existence of another aneurysm or other major procedures in the heart or thoracic cavity which might complicate the comparisons, leaving 5492 unruptured cases and 1203 ruptured cases for analysis. The overall CFR was 3-8% for unruptured and 40 0% for ruptured abdominal aortic aneurysms.
The annual number of operations rose moderately during the period analysed (table 1) . Postoperative LHS decreased moderately both in ruptured and unruptured aneurysms, but no consistent temporal trend of CFR was observed for either category (table 1) .
Patients with unruptured abdominal aortic aneurysms tended to be younger and were less likely than ruptured cases to be transferred from another hospital. On the other hand, there were no important differences in size or teaching status of the hospitals, sex ratio, or comorbidity index. As expected, both the CFR and postoperative LHS in non-fatal cases were substantially higher in ruptured than in unruptured abdominal aortic aneurysms (table  2) .
HOSPITAL-LEVEL CROSS TABULATION
For the entire five years, the hospital volume for unruptured aneurysms ranged from 1 to 415, while that for ruptured aneurysms ranged from 1 to 64. There was a moderate decline in CFR with rising hospital volumes for both unruptured and ruptured abdominal aortic aneurysms (table 3) but this did not reach statistical significance. The volume-postoperative LHS relationship was weak and inconsistent in the crude comparison (table 3) .
RESULTS OBTAINED FROM STEPWISE REGRESSION
ANALYSIS
In the multivariate analyses, each 10 case per year increase in hospital volume was related to a 6% reduction in odds of death and a 0-29 day reduction in postoperative LHS in unruptured cases. On the other hand, there was no significant relationship between either CFR or excluded cases back to the sample (4 0% v 3-8% for unruptured cases and 40 9% v 40 0% for ruptured cases). The CFR of 3-8% for unruptured aneurysm observed in our study sample reflects, at least partly, the continuous improvement in the treatment outcomes for this surgical procedure.671' Another possible reason for the low mortality rate is a surgeon training effect. We estimate that more than 80% of abdominal aortic aneurysm patients were treated in Ontario hospitals with a trained vascular surgeon on staff. However, inconsistent identifying factors on the data for individual surgeons prevented us from exploring further the relationship between a surgeon's training and outcomes.
Previous analyses showing an inverse volume and mortality relationship 8 12-14 have generated support for the view that stricter regionalisation of this procedure will lead to better treatment outcomes. We too found a volume-mortality relationship but it was modest. Similarly, there was a modest relationship between hospital volume and postoperative LHS in non-fatal cases, presumably caused, at least partly, by increased complication rates in low volume hospitals. As shown in table 5, in the unlikely event that all unruptured cases now treated in low volume hospitals were transferred to the high volume hospitals and achieved the same CFR as high volume hospitals, only 40 deaths for the entire five years (or 8 deaths per year) could be avoided. This is dramatically fewer than suggested in a similar analysis by Maerki et all3 using 1972 data; however, their series had a much higher overall mortality (resulting in a greater potential for saving). Hannan et al analysed more recent (1985) (1986) (1987) ) New York State data separating unruptured aneurysms from ruptured aneurysms and, similar to our findings, showed the policy of regionalisation of abdominal aortic aneurysm care focussing only on hospital volume. Unfortunately, the surgeon identifying codes in the hospital administrative data for Ontario are less reliable than procedure and diagnosis codes, and formal analysis is thereby precluded. However, an informal review of surgeon identifying codes in relation to volumes does suggest very substantial concentration of elective aneurysm surgery in the hands of one or two surgeons in small and medium sized hospitals -a factor that may help explain the weak volume-outcome relationships observed at the hospital level. Further analyses are needed that focus on individual surgical volume, surgical training, and the quality of postoperative care.
Any study drawing on administrative data necessarily suffers from a lack of clinical detail and is subject to vagaries in the coding of diagnoses and procedures. It seems unlikely that the observed excess CFR in women undergoing elective abdominal aortic aneurysm repair can be explained on this basis. However, sex did not significantly affect survival in an earlier Canadian registry study,4 and independent confirmation of this observation is needed. Unmeasured referral biases are a particular concern in volume-outcomes analyses Although the overall CFR in our study sample was low, the rate in ruptured aneurysms remained 10 times higher than that in unruptured aneurysms. This emphasises the need for more effective detection of aneurysms with elective repair of the dilated aorta. Some authors have argued that with continuing improvement in postoperative mortality and morbidity rates, elective surgery should now be offered to patients at higher risk of postoperative death, including the elderly.23-25 Our results support this position, in that the absolute excess in numbers of postoperative deaths for ruptured compared with unruptured cases was highest in patients at advanced aged. Moreover, some hospitalised patients with ruptured aneurysms died before surgery was attempted. To assess the potential consequences of nonoperative deaths on the results, we estimated the in-hospital mortality rates for ruptured aneurysms by diagnosis alone. The CFR increased substantially to 54 0% when nonoperative deaths were tallied, underlining the potential advantages of elective surgery. We acknowledge that only short term postoperative mortality was examined and that some deaths related to elective aneurysm repair will occur after discharge but there is no reason for these to be greater among those surviving elective surgery than urgent or emergency surgery for rupture. Our inferences are also supported by the fact that for long term postoperative outcomes a Canadian registry study showed a strong relationship between short term postoperative mortality and long term postoperative mortality.4 Lastly, some deaths from rupture obviously occur before admission to hospital.8 This again emphasises the potential yields from elective surgery, especially in older patients who would be less likely to survive rupture and reach the operating room.
There are obviously many factors that affect the preventive value of elective surgery for aneurysms, such as the size of the aneurysm, expansion speed, likelihood of early death from competing causes, and average life expectancy.l"Sl Adequate assessment of the cost effectiveness of elective surgery under various scenarios must therefore integrate these factors with decision analytic techniques.'9 Nonetheless, our results strongly suggest that calendar age per se should not be a reason to withhold elective abdominal aortic aneurysm repair from older patients.
